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> Motivation
PDE Discretizations (FEM, FV, DG):

Navier-Stokes, Groundwater-Flow, Convection-Diffusion, 
Poisson, Maxwell, ...

Parametrization

Magical RB-Tools

Reduced model
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> Goals Specification

● Abstract Reduced Basis Framework

● Re-use of (existing) efficient implementations of PDE 
discretizations

● Short time for implementing the detailed simulations as 
reduced simulations



Martin Drohmann (mdrohmann@uni-muenster.de) RB-Software Concepts

> Abstract Software Concept

PDE Discretizations (FEM, FV, DG):
Navier-Stokes, Groundwater-Flow, Convection-Diffusion, 

Poisson, Maxwell, ...

Low dimensional computations: Abstract RB - Framework

High dimensional computations

A
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Linear problems Non-linear problems ...
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> Low dimensional Computations (                                 )

● Control of Offline-Algorithms

● POD-Greedy Algorithm, Empirical Interpolation Algorithm

● Gathering and post-processing of reduced matrices

● Low-Dimensional Computations

● Reduced Simulations

● A posteriori error estimation

● Low dimensional data visualization

● (Implemented in MATLAB)

RBMATLAB
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High dimensional computations (                            ) 

● Storage / Manipulation of reduced spaces

● Efficient high dimensional linear algebra algorithms

● POD, Orthonormalization, Gram-Matrix computations

● Parametrization

● (Implemented in C++, based on

●  DUNE core modules (http://dune-project.org) and

●  DUNE-FEM (dune.mathematik.uni-freiburg.de)

DUNE-RB

http://dune-project.org/
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The Glue

● Communication between DUNE-RB and RBMATLAB can be 
realized by

1. compiling DUNE-RB as (mex-) library for matlab or:

2. TCP/IP Communication between two stand-alone applications

RBMATLAB

D
U
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E- RB
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Proof of Concept (linear evolution problem)
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Proof of Concept (linear evolution problem)
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Proof of Concept (linear evolution problem)

11.8 seconds!
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Proof of Concept (linear evolution problem)
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Proof of Concept (linear evolution problem)

0.02 seconds!
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Proof of Concept (linear evolution problem)
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Linear Transport Problem
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So, we have a hammer for linear evolution 
problems ...

RBMATLAB
DUNE-RB
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… and even one for non-linear problems ...

RBMATLAB

DUNE-RB

RBMATLAB

DUNE-RB
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But how do you make your problems look like a nail?

Poisson

G
roundw

ater-Flow
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Interface to PDE descretizations
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Interface to PDE discretizations (linear)

● For PDE discretization of form

● Implement affinely parameter dependent operators



Martin Drohmann (mdrohmann@uni-muenster.de) RB-Software Concepts

Interface to PDE discretizations (linear)

Affinely parametrized operators

with methods

● Parametrization [set_mu()]

● Parameter dependent coefficients [coefficient()]

● Parameter independent operators [component()]
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Interface to PDE discretizations (linear)

Affinely parametrized operators

with methods

● Parametrization [set_mu()]

● Parameter dependent coefficients [coefficient()]

● Parameter independent operators [component()]

           Automatic generation of reduced matrices:
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Interface to PDE discretizations (non-linear)

● For PDE discretizations of the form

● Implement empirical interpolation for discrete operators
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The coefficient functionals                                          can be 
computed efficiently, if

● Operator has localized structure (small stencil) and

● Local geometry information can be precomputed  in offline phase.
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Empirical Interpolation for Operators (local grid)
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Automatic generation of localized operators

Usual dependencies for local operator evaluations:

Basis function evaluations 
at quadrature points

(Local) geometry 
information of the grid

...
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DUNE-RB Grid Wrapper

Automatic generation of localized operators

Therefore: Delegation of function calls concerning grid 
geometry and discrete function space to a wrapper: 

Basis function evaluations 
at quadrature points

(Local) geometry 
information of the grid

...
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Behaviour of DUNE-RB Grid Wrapper

● During detailed simulation:

Delegate calls directly to the grid and the discrete function space

● During offline phase:

store all grid and discrete function space information concerning the subgrid 
in low-dimensional data structures

● During online phase:

Delegate calls to low-dimensional data structures
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Conclusion

● Generic implementation of reduced base tools for linear 
problems is possible

● Empirical interpolation for non-linear problems can be 
realized with subgrid extraction

● Future work:

● More examples

● Tarball – Release with installation instructions is planned, and will be 
published on http://morepas.org.
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Thank you for your attention!
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